which cannot be considered as collision-free.
I. INTRODUCTION
Electrostatic probes are widely used as diagnostic tools for determining the local properties of laboratory, ionospheric and interplanetary plasmas. When a variable voltage is applied between a probe and its reference electrode, the resulting current-voltage characteristic can, under appropriate circumstances, yield a measure of the plasma density and its temperature. The correct measure of these plasma parameters can occur only when the probe response in a particular plasma environment is well understood. For some time only the continuum and collision-free regimes were theoretically and experimentally well in hand but recent developments have contributed significantly to the understanding of probe behavior in the transition region, that i s, the region between the colli sionfree and continuum limits.
The developments in the understanding of transition region probe response are particularly important to the application of probe diagnostics in the ionospheric D-region where the ion-atom and electron-atom mean free paths can be comparable to probe and/or rocket dimensions. It is this particular application which will be emphasized here in connection with the well known diagnostic technique of the floating symmetric double probe. Although attention is directed to D-region applications, the theoretical foundations of the technique apply whenever the probe and plasma parameters are such that the conditions of the transition regime are obtained. These conditions are generally encountered whenever the ambient gas pressure exceeds an approximate limiting value of 10l Hg. In the cases of Martian and Venutian ionospheres these conditions are met at altitudes nominally less than 110 km.
In the succeeding sections the influences of ion-atom collisions on the currentvoltage characteristic of a symmetric double-probe system will be established in connection with the determination of the temperature of a completely thermalized plasma. The manner in which this technique can be implemented for a rocket-borne experiment will be described and an experimental current-voltage characteristic obtained in the Earth's lower ionosphere will be presented and briefly discussed.
II. THEORETICAL CONSIDERATIONS
In most applications of probe diagnostics there is an electrode in good electrical contact with the plasma which can be utilized as a reference point for introducing a bias voltage on a probe. In laboratory plasmas this electrode can be the anode or cathode of a discharge or the metallic container or limiter of a given plasma volume. In these instances, when a good fixed-potential reference point is available, the technique of the single probe, 1 the Langmuir probe, can generally be utilized in a straightforward fashion. However, there are instances in which such a reference point is not available; typical examples are inductivelycoupled hf discharges with nonconducting boundaries and ionospheric plasmas.
In such cases it becomes necessary to utilize the floating double-probe technique of Johnson and Malter2 , who originally applied the method to the study of decaying plasmas.
It should be noted that the use of the Langmuir probe technique in ionospheric applications is a special case of the double-probe method. This special case is a limiting one in which the ratio of the probe areas must for all practical purposes be considered infinite in order for the analysis scheme of the simple Langmuir probe to be applicable3 . In this instance the larger probe is the rocket or satellite itself.
The general configuration and a corresponding dimensionless currentvoltage characteristic of the floating double-probe technique is illustrated in Fig. 1 ). This is evident by considering the curve in Fig. 2 which corresponds to Xia /Rp = 100. This value of Xia /Rp has been shown by For D-region applications it is generally only necessary to consider the domain in Fig. 2 bounded by 0.1 < Xia/Rp <1.0 and 0.006 < RP/XD < 0. 022 where these limits were obtained by taking the probe radius as 0. 5 mm and by estimating Xia on the basis of the ion's mobility in the polarization limit. 10, 11 The shaded region in Fig. 2 is therefore the one applicable to D-region analysis. A very convenient feature to be noted is that over the entire D-region the value of o may be taken as 0.08 ± 0. 02 thus eliminating any need for an accurate determination of the ion-atom mean free path at all points throughout the flight. Figure 3 illustrates the electronics system employed in the laboratory and ionospheric application of the floating double-probe technique described above.
III. EXPERIMENT
The electrometer had a dual-polarity semilogarithmic response over the current range 10-13 to 10-10 amperes with a rise time nominally equal to 20ms. The sweep voltage impressed between the two probes had a total excursion of 1.0 V from -0. 5V to +0. 5V on a time scale of 3 sec. Direct current isolation of the probe circuitry was achieved by a voltage-to-frequency conversion of the electrometer and sweep generator outputs with these parameters being coupled to the telemetry system through an isolation transformer. The use of'the isolation transformer and teflon for all insulation and mountings achieved a dc isolation greater than 1012 ohms. This isolation decoupled the probes and their associated circuitry from the payload thus minimizing the possibility of perturbations resulting from changing skin potentials. 
